The method described in the present paper was devised to make possible the production of renal insufficiency of any desired grade and without pathological changes in the kidney. Renal insufficiency has been produced by a great variety of harmful mechanisms such as renal poisons, bacterial agents, and x-rays, but a desired degree of insufficiency cannot be easily obtained with these procedures and the kidneys always undergo a profound pathological change. Surgical removal of one kidney with partial ablation of the other is more satisfactory, but is complicated by the hypertrophy which develops in the remaining tissue, and besides there is always a considerable amount of damaged tissue bordering the new surfaces created by the surgery.
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A note has already been published on the method (1), but since then a few changes have been introduced.
Method
A loop of fine silk thread is placed around the left renal artery of the rabbit when it is small (400 gin. or less). The left side is chosen because of its accessibility. The diameter of the loop can be accurately adjusted by tying the thread down on the artery and a wire which itself has a measured diameter and is placed alongside the artery. The tie is made snugly but not tightly, so that the lumen of the artery is occluded by the tie~ but the wall of the artery is not crushed or damaged in any way. The wire is then withdrawn from the loop and the artery is left with the loop around it. The size of the wire should be such that the loop should have a somewhat larger diameter than the artery. The artery soon grows up to this size and then any increase in the blood flow and hence growth of the kidney, is prevented. The other kidney overdevelops and so takes care of the increased renal demands of the animal. When the animal is 3 to 4 months of age this large kidney is removed, leaving the animal with only the small kidney, in which hypertrophy is hindered by the restricted blood flow.
The purpose of using small rabbits and putting loops slightly larger than the renal arteries around these vessels, was to avoid any possibility of injuring kidney tissue by an inadequate blood supply. By allowing the renal artery to grow up to the size of the loop, the kidney is allowed to adjust its size to the blood supply and will grow no larger than is proper for its circulation. This point is particularly important in working with the rabbit. If the blood supply to the kidney is cut down from what is normal for a given size of the organ, necrosis usually develops with rapid disappearance of the organ. Thus a loop of diameter 0.5 nun. placed in a small rabbit will allow the kidney to grow up to a length of around 30 ram. while the animal is growing to maturity (1500 to 2000 gm. body weight). When a loop of this size is placed around the renal artery of a rabbit of this weight it almost always results in necrosis and resorption of the kidney. This was the experience with 5 out of 6 rabbits so treated. The same result was obtained with loops of 0.63 mm. diameter. Even when the loop is made 0.8 ram. (quite a large diameter for the rabbit) one gets a high percentage of necrotic kidneys. In 15 adult rabbits tied off in this way 6 kidneys became necrotic.
Orienting Experiments
In the first experiments different size wires were tried out to find the most favorable diameter for the loop around the artery. Four groups of 6 rabbits each were used. At a time when they were about 200 gm. in weight loops of diameters of 0.41, 0.53, 0.63, and 0.8 ram. were laid around the left renal arteries in the respective groups. The animals were allowed to grow for 3 months at which time they had body weights ranging around 1500 gin. The right kidneys were taken out at this time.
All rabbits in the group that had the left renal artery tied to 0.41 ram. died within a few days. The non-protein nitrogen was 129 in one of these on the 3rd day after removal of the right kidney. The average kidney weights were right side 5.8 gm., left 3.6 gm. In the group in which the artery was tied to 0.53 mm. the kidneys were the same size on both sides when the fight was taken out. These animals survived for longer periods but with evidence of d~minished renal function indicated by cessation of increase of body weight, and increase in blood non-protein nitrogen. The group with the artery tied to 0.63 nun. showed no difference in size of the kidneys and less evidence of diminished renal function after operation, and the group tied to 0.8 ram. showed no evidence of diminished renal function after removal of the right kidney. We therefore chose the diameter 0.53 ram. as that most likely to curtail definitely kidney function but still allow the animal to survive long enough so it could be studied.
After having settled on the most effective diameter for the arterial loop the next question which is to be answered is the proper amount of time to allow before taking out the normal kidney. The left kidney grows until its length is about 3 cm. and then remains at this size. The body continues to grow, and this requires increase in the renal tissue which is taken care of by growth of the right kidney. The kidneys of the rabbit can be easily palpated through the anterior abdominal wall, which is quite thin, and one can estimate the length of the organ quite accurately by placing one's fingers at either pole and measuring with calipers the distance between them. The longer one waits then, the smaller becomes the ratio of the weight of the left kidney to the total kidney tissue weight. Consequently the longer one waits before taking out the right kidney, the greater will be the degree of renal insufficiency after the removal. Furthermore if one waits more than 2 months after the left kidney has become stationary one will often find connective tissue infiltration of this kidney, and still later, atrophy. It is of interest then to determine the proper ratio--left kidney weight to total kidney weight--to wait for before right kidney removal, in order to get the proper degree of renal insufficiency. Naturally the degree of renal insufficiency desired depends on the problem that one wishes to study and consequently the entire results are given as they occurred. In Table I are given the results of a series of animals in which the weight of the left kidney at operation varied from 20 to 48 per cent of the total kidney weight. The data given in this table are: body weight at operation, length and weight of right kidney (after excision), length of left kidney at operation, and the weight of the left kidney at the time of operation. This last figure naturally had to be estimated. If the survival time was short and at autopsy it was found that the left kidney length was the same as at operation the weight of the kidney at autopsy was used for the weight of the kidney at operation. If the rabbit survived for some time and the length of the kidney increased after operation, the weight of kidney at the time of operation was estimated from its length. For this, use was made of a chart in which all the kidneys of the series were plotted with respect to weight and length.
Figures so obtained are given in parentheses. The next figure in the table is the percentage that the left kidney weight bears to the total kidney weight at operation. The last column gives the survival time in days. It is apparent that if the left kidney weighs less than 30 per cent of the total at the time of right kidney removal severe renal insufficiency is to be expected with a very short survival time. If it is between 30 and 40 per cent of the total weight, serious insufficiency is to be expected although many cases will survive for periods sufficient for some limited study of them. However, if one wants a preparation to study for an extended period it is best to have the left kidney be between 40 and 50 per cent of the total kidney tissue at the time of operation.
Course after Production of Renal [nsu.ficiency
The rabbits after the unilateral nephrectomy excrete urine. The quantity in general is greater, the greater the ratio--left kidney weight to total kidney weight. For those that had a ratio between 20 and 30 per cent the volume of urine per day varied between 30 cc. and 80 cc. and the specific gravity between 1.010 and 1.020. For those with ratios above 30 per cent the volumes per day were between 60 and 150 cc. per day with specific gravity usually above 1.020 and sometimes as high as 1.035. 2 rabbits secreted large amounts (400 to 600 cc. per day) of low specific gravity (1.005). It is of interest to note that those animals in the 30 and 40 per cent groups that died in 7 to 10 days had urine volumes as high as the others in this group and urine specific gravities above 1.020. All urines tested have shown a faint trace of albumin but never any more than that.
Practically all rabbits showed a steady loss of weight if the reduction in kidney tissue was large. The animals ate nothing or very little, indeed in some cases it seemed as though death was due to nutritional insufficiency: thus rabbit 16 went down in weight from 2770 gin. to 1550 gin. in 43 days. Rabbit 9 went down from 2110 to 1445 gm. in 10 days. Even when renal insufficiency was not so great l~NAL INSI~FICI~NC¥ AND IIYPERTENSION and the animals survived for a long period there was not the normal increase in weight but rather a constant weight or slight decrease.
A frequent finding in these animals is a disturbance in the equilibrium apparatus. They can sit quietly without trouble but when they move about, or are moved passively, they make exaggerated back and forth lateral movements, or rotary movements, of the head. In righting themselves from the lying to the sitting position, they make very violent and exaggerated movements. before removal of right kidney (0 days) and at various times, in days, thereafter. The figure after each curve refers to the number of the rabbit as given in Table I. A very frequent finding at autopsy was hemorrhages in the intestinal tract. The bleeding was in the walls of the intestine so that they had a blotchy appearance when viewed in situ. On opening the gut frequent submucosal hemorrhages would be apparent and bleeding into the lumen of the gut was quite frequent. In one case, rabbit 14, there was a pronounced hemorrhage into the eyeball.
Anemia was a very frequent finding in these animals. The hematocrit value for a group of these rabbits, before and after operation, is shown in Fig. 1 . In one case the reading went up slightly, in one it remained level, and in all others it went down definitely. Judging from the results obtained on those in which readings were made a day or two after the operation, this anemia develops very rapidly. In two cases the hematocrit was followed for longer periods than shown in the chart. Weekly estimations were continued on rabbit 11 up to death, and except for the one reading of 28.4 per cent, shown in the figure on the 7th day, the values were consistently around 25 per cent compared with the preoperative 30.1 per cent. Rabbit 18 maintained a level between 28 and 30 per cent for 6 weeks after operation compared with the preoperative value of 38 per cent.
In 9 of the animals the blood pressure was followed. It was deter° mined by placing the ordinary clinical sphygmomanometer cuff around the lower abdomen of the rabbit and the pressure determined just as in man except for using the abdominal aorta instead of the brachial for ausculation. In all cases, both before and after the nephrectomy, the blood pressure was above the normal (120/90). The pressure always rose after the right kidney removal except for one case in which it remained the same. The pressure before nephreco tomy averaged systolic 194, diastolic 142, with the upper and lower limits of 230 and 160 for systolic and 185 and 110 for diastolic. After right kidney removal the average systolic was 222 (limits 260 and 185 and average diastolic 169 with limits 210 and 115). The hearts, ventricular tissue only, were weighed and the weight was divided by the gross body weight at autopsy to get the heart weight per kilo. The average for these values was 3.89 gm. heart per kilo body weight. The mean value for normal rabbits is given by Brown, Pearce, and Van Allen (2) as 2.35 gin. heart (including auricles) per kilo body weight. Our values are probably somewhat raised on account of the low food intake, but this is to some extent counterbalanced by the fact that we did not include the auricles in our heart weight. One may conclude that the heart weight is definitely above normal in this series and this agrees with the high blood pressure shown throughout. It will be noted that the blood pressure is elevated before operation, when the hypertrophied right kidney is functioning and there is no renal insufficiency. This confirms, in rabbits, the finding of Goldblatt (3) in dogs, that ischemia of one kidney will produce hypertension even though the other is intact.
Some experiments were carried out in the attempt to produce hyper-tension in adult rabbits without a reduction of total kidney function. All rabbits in which a loop of 0.5 ram. had been laid around the renal artery when they were small show a definite hypertension by the time they are grown even before the reduction of total kidney mass. As explained earlier tying of the renal artery to 0.5 ram. in the adult practically always leads to kidney necrosis. In the 15 rabbits referred to earlier in which the right renal artery was tied to 0.8 ram. when the animals were already adult, 6 kidneys became necrotic. Of the 9 remaining 6 developed hypertension of a moderate degree: average systolic 172, limits 200 and 160; average diastolic 118, limits 150 and 100. 3 of the rabbits did not develop hypertension. The right kidneys of these were then removed whereupon they all developed a rise in blood pressure to 180/140, 200/120, and 165/135. One can conclude then that if one wishes to produce high blood pressure in rabbits already adult, tying one renal artery to 0.8 ram. is the best procedure. This will produce a fair degree of hypertension, which can be enhanced by removal of the other kidney. To produce more severe grades of hypertension one should tie the left renal artery to 0.5 mm. when the rabbit is small and remove the right kidney when the animal grows up.
DISCUSSION
There is evidently a marked difference in the ability of the kidneys of different species to adapt themselves to induced ischemia without necrosis. Goldblatt a al. (4) find that a high degree of ischemia can be produced in dogs without necrosis. Goldblatt (3) has reported similar findings in the monkey. Any such constriction of the renal artery would lead to necrosis in the rabbit. Pickering and PrinzmetaP have had similar results, as regards necrosis of the rabbit kidney, as reported in this paper. Undoubtedly the much richer system of arterial anastomosis in the dog is responsible to some degree for the difference between it and the rabbit. SLrMMARY A simple method is described for the production of renal insufficiency in rabbits by limiting the blood flow through one kidney and later removing the other. Renal insufficiency of any desired degree of severity can be obtained.
The limitation of blood flow should be produced by allowing the artery to grow up to the size of a loop of thread laid around it when the rabbit is small. Attempts to reduce the blood flow by constricting the renal artery in the adult rabbit usually result in necrosis of the kidney.
The induction of renal insufficiency is usually followed by loss of weight and disturbance of the equilibrium apparatus. Hemorrhages into the intestinal wall and into the lumen of the intestine are frequent.
A moderate degree of anemia, as judged from hematocrit readings, comes on very rapidly after reduction in total kidney mass. The total red blood cell volume seems to assume a new and lower level which is maintained for a long time.
Hypertension is present before the right kidney ablation and becomes more severe after this operation.
A certain degree of hypertension can be produced in adult rabbits by moderate restriction of renal blood flow of one kidney. The severity of this is increased by removal of the other kidney.
